Introduction: Neuromyelitis optica spectrum disorder (NMOSD) is a neuroinflammatory disorder of the central nervous system, distinct from multiple sclerosis by affecting predominantly the optic nerve and the spinal cord, and mediated by antibodies directed against aquaporin 4 (AQP4-ab) as a possible pathomechanistic hallmark of NMOSD. Therapeutic options include immunosuppression with steroids or B-cell-depleting agents as baseline therapies, as well as plasma exchange (PLEX) and/or immunoadsorption (IA) during relapses. Until now, data concerning the efficacy of IA alone are scarce. Methods: Visual evoked potentials (VEPs), visual acuity and changes of symptoms at relapse leading to admission in NMOSD patients (n = 10) treated with IA in a single-centre setting were evaluated retrospectively. Results: All patients profited from the procedure and showed an amelioration of admission symptoms. Three patients improved in visual acuity, another three patients remained stable, whereas five patients showed an improvement in VEPs. Discussion: In this small cohort, IA constitutes a valid therapeutic option for patients with NMOSD as an equivalent to PLEX. Analysis in larger cohorts is warranted.
Introduction
Neuromyelitis optica (NMO) is an inflammatory disease of the central nervous system affecting mainly the optic nerve and the spinal cord with a longitudinal transversal myelitis. Originally NMO was considered as a subtype of multiple sclerosis (MS). In 2004, however, the identification of an antibody against the astrocytic aquaporin-4 water channel protein (AQP4-ab) led to a paradigm change of the disease [Lennon et al. 2005] . Today, NMO spectrum disorder (NMOSD) is used as a unifying term according to the revised guidelines from 2015 [Wingerchuk et al. 2015] . Here, NMOSDs with or without detection of AQP4-ab are differentiated. In the case of AQP4-ab negativity, two core clinical characteristics have to be fulfilled such as optic neuritis, acute myelitis, area postrema syndrome or acute brainstem syndrome. Additionally, magnetic resonance imaging (MRI) requirements have to be fulfilled (i.e. spinal MRI with lesions of ⩾3 vertebral bodies, acute optic neuritis, and acute brainstem lesions) [Wingerchuk et al. 2015] . Treatment options include immunosuppression with steroids as well as B-cell-depleting therapies as baseline treatment [Trebst et al. 2014; Kleiter et al. 2015] . Additionally, procedures such as plasma exchange (PLEX) or immunoadsorption (IA) can be performed to remove pathogenic AQP4-ab and proinflammatory cytokines during relapses. Data regarding the efficacy of IA alone in NMO is scarce. Performing IA alone leads only to a distraction of pathologic antibodies sparing other plasma proteins [Kobayashi et al. 2014] , and thus, may avoid potential allergic side effects resulting from albumin substitution, and unselective elimination of other plasma proteins in patients treated with PLEX. Additionally, IA is less challenging for the circulation and there is no risk related to the transmission of human material compared with PLEX. IA is also advantageous for patients who do not want to receive human material for religious reasons. Yet IA is a medical procedure which is not licensed in some countries such as the United States. Here, we present a retrospective case series of 10 patients with likely NMOSD treated with IA in a German university centre setting.
Methods
Extensive clinical and paraclinical data from patients with definite or likely NMOSD filed during hospital treatment were assessed for the retrospective evaluation of IA efficacy. Diagnosis was based on the revised Wingerchuk criteria for NMOSD from 2015 [Wingerchuk et al. 2015] . Testing for AQP4-abs was performed with the indirect immunofluorescent test, performed in the laboratory (EUROIMMUN, Lübeck, Germany). In six patients AQP4-abs were negative but symptoms and radiological findings were suggestive of NMOSD. We included patients who had received IA in the period between January 2011 and November 2014. Patients were 34.6 years old (range 22-49), 6/10 patients were female and the median Expanded Disability Status Scale (EDSS) score was 4.75 (range 2.5-9). All patients were treated at a single centre and were devoid of acute infections (clinically, white blood cell counts and C-reactive protein). IA was performed after written informed consent of all patients and after placement of a Shaldon´s catheter in the left or right jugular vein. Each exchange session had a mean duration of 2 hours. Patients had 5.2 (range 3-7) cycles of IA. IA treatment was performed using the tryptophan-linked polyvinyl alcohol adsorber TR-350(L) after membrane plasma separation with the polyethylene plasma separator OP-05W (Asahi Kasei Medical Tokyo, Japan) in combination with the Octo Nova technology SW 4.30.5 (DIAMED Medizintechnik, Cologne, Germany). Plasma volume was between 2-2.5 l per session. IA was antibody specific but not AQP4-abs specific. The patients were evaluated clinically and with visual evoked potentials (VEPs) before and after the IA. VEPs were generated using the Keypoint software (Medtronic, Meerbusch, Germany). Follow-up VEPs were performed 0.75 days post IA in the mean (±1.75 days SD). In two patients the follow-up VEP was performed one day before the end of the procedure. Visual acuity was evaluated bedside with an eye chart placed approximately 35 cm in front of the eyes of the patient.
Retrospective evaluation of the patients was permitted by Ruhr University ethics committee .
Results and long-term treatment
In eight patients VEPs before and after IA were available. Three patients had improved P-100 latencies of VEPs after IA on the left eye, and two on the right eye ( Figure 1 ). Three patients had longer P-100 latencies on the left eye, and four on the right eye. In two patients a stimulus response was only detected after IA on the left side, and in one patient on the right side. For seven patients, visual acuity was documented and showed amelioration after IA in four of the patients and stable visual acuity in three patients (Figure 1 ). There was no worsening in visual acuity in any of the patients. Correlation of VEPs with visual acuity was not significant but showed a trend towards better visual acuity ( Figure 2 ). Concerning the initial symptoms which led to admission, all patients showed a benefit with an amelioration of clinical deficits after IA (Table 1) . Follow-up treatment was initiated with rituximab (n = 3), tocilizumab (n = 3), fingolimod (n = 1), mitoxantrone (n = 1) and interferon-β1a intramuscularly 1 × 30 µg (n = 1); for one patient no follow-up data were available.
Discussion
In our current case series, we report on 10 patients diagnosed with NMOSD or clinical and radiological findings suggestive of NMOSD treated with IA alone, which to our knowledge is the first of its kind. While the proportion of patients who had stable or improved latencies of VEPs was similar, most of the patients profited concerning visual acuity. This seemingly controversial finding may be due to the observation that visual acuity improves prior to electrophysiological alterations.
The limitations of the study are clearly the low number of patients. However, for rare diseases there is often no class I evidence available. An additional weakness of the current study is that not all patients clearly fulfilled the 2015 revised Wingerchuk criteria for NMOSD but were classified as syndromes likely to be NMOSD. Additionally, as this is a retrospective analysis, there was unfortunately not more information available concerning improvement from treatment than documented in Table 1 . . On the left n = 3 patients profited from IA, whereas in 2 patients a stimulus response was only detected after IA. 3 patients showed worsened latencies. On the right n = 2 patients had better VEPs, in 1 patient a stimulus response was only detected after IA, whereas 4 had worsened latencies. Visual acuity was either better (n = 3, left eye; n = 4 right eye) or stable (n = 4 left eye; n = 3 right eye). §, If no stimulus response was detectable VEPs were set to 250 ms. IA, immunoadsorption; VEPs, visual evoked potentials. Some patients were on drugs following IA which are not recommended for the treatment of NMO such as in patient number 6 (fingolimod). Fingolimod can lead to the development of extensive brain lesions in NMOSD [Min et al. 2012 ]. Patient number eight was treated with Avonex (Biogen, USA) following IA. In a retrospective analysis from Thailand, in patients with NMO or NMOSD, the EDSS worsened in 53.3% of the cases under interferon beta [Jarernsook et al. 2013] , which is therefore not recommended in NMOSD.
The reason for the controversial finding that some patients were on MS medications was that they were in the first place categorized as having MS, and in the course the diagnosis was changed to NMOSD. As this was a retrospective analysis, outcome parameters could not be addressed concerning the clinical symptoms, thus VEP and visual acuity seemed the most objective measures that were performed on a routine basis. The EDSS was not used to evaluate the clinical course after IA, as the target symptom was more precise to evaluate the clinical improvement. Levy and colleagues proposed a new severity scale for NMO at the Annual American Neurology meeting in 2015, which may potentially replace the EDSS in a prospective cohort [Levy et al. 2015] . PLEX has been shown previously to be effective in NMOSD [Miyamoto and Kusunoki, 2009; Munemoto et al. 2011] . Recently, it could be shown in one patient with NMOSD positive for AQP4-ab who suffered from acute transverse myelitis that IA is also effective in long term means in NMOSD [Kobayashi et al. 2014] . In an evaluation of 871 attacks by the Neuromyelitis Optica Study group isolated myelitis responded better to the combination of PLEX with IA than to high dose steroids as first treatment course [Kleiter et al. 2015] . Although severe side effects in IA have been less frequently reported than in PLEX there are reliable data available on clinical efficacy such as steroid refractory MS relapses comparing these two procedures. IA leads to immediate antibody elimination, pulsed induction of antibody redistribution, and immunomodulation [Klingel et al. 2013 ]. IA has been successfully used in other neurological autoimmune diseases, such as corticosteroid nonresponsive MS relapses for decades. In total, 68 MS patients have been published until now of whom >65% had a beneficial clinical response to treatment. In relapses mainly comprising optic neuritis, the response rates were even higher (>75%) [Klingel et al. 2013] . In natalizumab-associated progressive multifocal leucoencephalopathy a combination of a single cycle of PLEX with two cycles of IA is highly effective in reliably eliminating natalizumab. Furthermore, IA has been used for the treatment of limbic encephalitis and led to a clinical response in about 70% of the patients in a retrospective analysis of 30 patients, irrespective of whether PLEX or IA have been used [Ehrlich et al. 2013 ].
Summarizing, our study provides evidence for the efficacy of IA as a valid treatment option for NMOSD in the acute phase of disease. Our data provide the basis for further studies regarding the efficacy of IA versus PLEX in larger patient cohorts and to better understand its mechanism of action in the context of NMOSD.
